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(57) ABSTRACT

An 1mage sensor unit includes: a light source that 1llumi-
nates a document; a rod-shaped light guide including a
reflection surface that retlects light from the light source and
an emission surface provided on a side opposite to the
reflection surface that emits light reflected by the reflection

surface to the document; a thermal conductor provided so as
to cover the retlection surface of the light guide; an 1image
forming element that forms an 1mage of reflected light from
the document on a photoelectric conversion clement; a
sensor substrate on which the photoelectric conversion ele-
ment 1s mounted; and a frame including a locator for
mounting the light guide.

12 Claims, 10 Drawing Sheets
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IMAGE SENSOR UNIT, IMAGE READING
DEVICE, AND IMAGE FORMING DEVICE
HAVING ROD-SHAPED LIGHT GUIDE

The entire disclosure of Japanese patent Application No.
2017-233272, filed on Dec. 5, 2017, 1s incorporated herein
by reference 1n 1ts entirety.

BACKGROUND

Technological Field

The present invention relates to an 1mage sensor unit, an
image reading device, and an 1image forming device.

Description of the Related Art

Conventionally, 1n an 1image reading device using a pho-
toelectric conversion element (image sensor), in order to
correct nonuniformity of an optical system and output
nonuniformity of pixels of an individual imaging element,
shading correction of correcting main scanmng direction by
reading a reference white board serving as a reference of
main scanning 1s performed.

At the time of reading using a contact image sensor unit
(heremaftter, referred to as CIS umit), a reference white board
attached to an end of a contact glass 1s read, and when 1t
turns out that dust and dirt adhere to the reference white
board from the read reference white board data, shading
correction of adjusting an output level 1s performed (JP
2015-91036 A).

However, depending on a position of a heat source (for
example, a sensor substrate) included in the CIS unit, there
1s a problem that local heat 1s applied to the light guide
included 1n the CIS unit and a part of the light guide is
distorted.

When the light guide of the CIS unit 1s distorted, unifor-
mity of the light amount distribution is lost, so that even
when dust or dirt does not actually adhere to the reference
white board, the output level 1s adjusted supposing that dust
and dirt adhere 1n the shading correction, and as a result,

image unevenness such as a black line might occur.

SUMMARY

Therefore, 1t 1s an object of the present invention to
prevent occurrence of distortion of the light guide by keep-
ing temperature distribution of the light guide uniform,
thereby keeping the light amount distribution of the image
sensor unit uniform.

To achieve the abovementioned object, according to an
aspect of the present invention, an 1mage sensor unit reflect-
ing one aspect of the present invention comprises: a light
source that 1lluminates a document; a rod-shaped light guide
including a reflection surface that reflects light from the light
source and an emission surface provided on a side opposite
to the reflection surface that emits light reflected by the
reflection surface to the document; a thermal conductor
provided so as to cover the reflection surface of the light
guide; an 1mage forming element that forms an 1mage of
reflected light from the document on a photoelectric con-
version element; a sensor substrate on which the photoelec-
tric conversion element 1s mounted; and a frame including a
locator for mounting the light guide.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages and features provided by one or more
embodiments of the invention will become more fully
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2

understood from the detailed description given hereinbelow
and the appended drawings which are given by way of

illustration only, and thus are not intended as a definition of
the limits of the present invention:

FIG. 1 1s a view 1llustrating a configuration example of an
image reading device according to an embodiment of the
present 1nvention;

FIG. 2 1s a view 1llustrating a configuration example of an
image sensor unit according to an embodiment of the present
invention;

FIG. 3 1s a perspective view illustrating a partial configu-
ration example of the image sensor unit according to an
embodiment of the present invention;

FIG. 4 15 a perspective exploded view illustrating a partial
configuration example of the image sensor unit according to
an embodiment of the present invention;

FIG. 5 1s a front view 1illustrating a partial configuration
example of the 1image sensor unit according to an embodi-
ment of the present invention;

FIG. 6 1s a partial cross-sectional view of a light guide of
the 1mage sensor unit according to an embodiment of the
present 1nvention;

FIG. 7 1s a block diagram 1llustrating a functional con-
figuration example of an 1mage reading unit of the image
reading device according to an embodiment of the present
invention;

FIG. 8 1s a block diagram 1illustrating a functional con-
figuration example of a photoelectric conversion element of
the 1mage sensor unit according to an embodiment of the
present 1nvention;

FIG. 9 1s a block diagram 1illustrating a functional con-
figuration example of the 1image reading device according to
an embodiment of the present invention;

FIG. 10 1s a flowchart 1llustrating an example of process-
ing operation of shading correction of the image reading
device according to an embodiment of the present invention;
and

FIG. 11 1s a view 1llustrating a configuration example of
an 1mage forming device according to an embodiment of the
present 1nvention.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinatter, an example of an 1image sensor unit, an 1mage
reading device, and an 1mage forming device according to
one or more embodiments of the present invention (herein-
alter, referred to as this embodiment) will be described with
reference to the drawings. However, the scope of the iven-
tion 1s not limited to the disclosed embodiments. Note that,
in each of the following embodiments, an image reading
device i which a contact image sensor unit (heremafter,
referred to as a CIS unit) 1s used 1s described as an example.

FIG. 1 1s a view 1llustrating a configuration example of the
image reading device. As illustrated 1n FIG. 1, an 1mage
reading device 1 includes an 1image reading unit 100 and an
automatic document feeder device 200. The 1mage reading
umt 100 includes a contact glass 101, a reference member
110, and a CIS unit 4.

The contact glass 101 1s a transparent member on which
a document 1s placed 1n a scan reading mode. The scan
reading mode 1s a mode in which an 1mage on a lower
surtace of the document 1s read while the CIS unit 1s moved
by a carriage and the like with respect to the document
placed on the contact glass 101 1n a direction of arrow A (sub
scanning direction) illustrated 1in FIG. 1.

The reference member 110 provided on an end of the
contact glass 101 corrects various types of distortion by a
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reading optical system and the like. The reference member
110 1s, for example, a white board read before 1image data of
the document 1s read in order to obtain shading data for
shading correction, an elongated plate-shaped member a
lower surface of which 1s white provided in a main scanning
direction of 1mage reading. That 1s, in order to perform the
shading correction, a photoelectric conversion element 13
reads the reference member (white board) 110 1n advance to
obtain white reference data serving as a reference of density
of the image data. In this embodiment, first, the white
reference data (1nitial reference value) when the CIS unit 4
1s mounted on the 1image reading unit 100 1s obtained as data
in a clean state at the time of shipment. The obtained mitial
reference value 1s stored in a data storage 24.

The automatic document feeder device 200 1s automatic
document feeder means which continuously conveys docu-
ments. Hereinafter, the automatic document feeder device
200 1s referred to as an auto document feeder (ADF) 200.
The ADF 200 1s mounted on an upper part of the image
reading unit 100 and 1s connected thereto via a hinge not
illustrated and the like so that the ADF 200 may be opened
and closed with respect to the contact glass 101.

The ADF 200 includes a document tray 201 and a feeding
roller 202. The document tray 201 1s a document placing,
table on which a document bundle S formed of a plurality of
documents may be placed. The feeding roller 202 separates
the document one by one from the document bundle placed
on the document tray 201 and automatically feeds the same.
Note that 1n a sheet through reading mode 1n which an 1image
of the automatically fed document 1s read, the CIS unit 4
moves to a lower side of a sheet through reading slit not
illustrated to read the image on the lower surface of the
automatically fed document.

Next, the CIS unit 4 which 1s the image sensor unit of this
embodiment 1s described in detail with reference to the
drawings.

FIG. 2 1s a schematic cross-sectional view of the CIS unit
4 1n the sub scanning direction.

As 1llustrated 1 FIG. 2, the CIS umt 4 includes a pair of
light guides 11 accommodated 1 a frame 15. An image
forming element 12 1s provided between the light guides 11,
and a sensor substrate 14 on which the photoelectric con-
version element 13 1s placed 1s arranged under the same.
Also, a cover glass 17 1s installed above the 1image forming
clement 12. A light source 10 1s provided on one end of the
light guide 11, and a thermal conductor 19 1s provided on a
lower part of the light guide 11.

FIG. 3 1s a perspective view 1llustrating a configuration
example of a part of the CIS unit 4.

In FIG. 3, for sismplitying the illustration, an example 1s
illustrated 1n which an illuminating device formed of the
light source 10 and the light guide 11 i1s configured as one
set.

The light source 10 for illuminating the document
includes, for example, light emitting elements formed of
LEDs having light emission wavelengths of at least three
colors of red, green, and blue and applies light by driving
these light emitting elements to light sequentially. The light
source 10 1s arranged on one end face in a longitudinal
direction of the light guide 11 for guiding the light applied
from the light source 10 to the document (not illustrated).

A rod lens array 12 as the image forming element 1s
obtained by arranging a plurality of erecting equal magni-
fication 1image forming type lens elements, and forms an
image ol retlected light from the document on the photo-
clectric conversion element 13. Note that a microlens array
may be used as the image forming element.
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The photoelectric conversion elements 13 which convert
the reflected light (document 1mage) the 1mage of which 1s
formed by the rod lens array 12 into electric signals as many
as the number which may support a width of the document
to be read are arranged and mounted on the sensor substrate

14. The optical components are attached to the frame 15
which 1s a structural member and assembled as the CIS umit
4.

The light guide 11 formed of transparent plastic such as
acrylic resin and polycarbonate referred to as organic glass
1s used, for example. The light source 10 1s arranged to face
one end face (light incident surface) in the longitudinal
direction (main scanning direction) of the light guide 11 so
that the light may efliciently enter the light guide 11.

An emission surface 102 from which the light 1s emaitted
1s a surface formed 1n the longitudinal direction of the light
guide 11 so as to face the document (not 1llustrated), and 1s
formed of a curved surface 1n this embodiment. The emis-
sion surface 102 mainly emits the light scattered by a

reflection surface 103 provided so as to face the emission
surface 102 to i1lluminate the document.

In this embodiment, a thermal conductive member 19 1s
provided so as to cover the reflection surface 103. By
providing the thermal conductive member 19 so as to cover
the retlection surface 103 of the light guide 11, 1t 1s possible
to make distribution of heat applied to the light guide 11
uniform, thereby preventing a part of the light guide 11 from
being distorted by heat. As the thermal conductive member
19, for example, a sheet-shaped member formed of silicon
rubber and the like 1s used, and this 1s adhered to the
reflection surface 103 with a double-sided tape and the like.
Also, a thermal conductive member a material of which has
adhesiveness such as a gel-like material may also be used.
Note that 1t 1s preferable to use the thermal conductive
member excellent 1n flexibility and adhesiveness.

Herein, the CIS unit 4 of this embodiment 1s described 1n
detaill with reference to FIG. 4. FIG. 4 1s an exploded
perspective view illustrating a structure of the CIS unit 4 of
this embodiment.

As 1llustrated 1n FIG. 4, 1n the frame 15 accommodating
the components of the CIS unit 4, the components such as
the light source 10, the light guide 11, a holder 16 as a
support member and the like are attached to be supported 1n
a predetermined positional relationship. Also, a locking
groove 18 1s provided at the bottom of the frame 15 as a
locator for accommodating the light gmde 11. In this
embodiment, there are three locking grooves 18, but the
number of the locking grooves 18 1s not especially limited.

The holder 16 for supporting and fixing the light guide 11
1s formed into a Y shape. The holder 16 1s inserted between
the light guide 11 and the locking groove 18 provided on the
frame 135, thereby fixing the light guide 11 to the frame 15
to accommodate while holding the light guide 11.

The holder 16 of this embodiment 1s formed of synthetic
resin, for example, and 1s formed of a part inserted into the
locking groove 18 and an arm 164 for holding the light guide
11. The arm 16a 1s formed to have a length to open the
emission surface 102 of the light guide 11 when holding the
light guide 11.

The aim 16a 1s formed to have elasticity, and this may
hold the light guide 11 with a certain degree of force when
the light guide 11 1s fitted to the arm 16a.

The cover glass attached to an upper part of the CIS unit
4 which 1s a side facing the document is for preventing entry
of dust and the like into the frame 15. Note that a material
of the cover glass 17 1s not limited to glass, and may be other
transparent members having equivalent strength.
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FIG. 5§ 1s a simplified front view of the light gmide 11 in
a state of being supported by the holder 16 1n the CIS unit
4 of this embodiment as seen 1n the main scanning direction.

At least three parts of a central part and both ends of the
light guide 11 of this embodiment are supported by the
holders 16. By thus supporting the central part of the light
guide 11 by the holder 16, 1t 1s possible to prevent the light
guide 11 from bending mto an arch shape upward. In
addition, by supporting both ends of the light guide 11 by the

holders 16, 1t 1s possible to prevent the light guide 11 from
bending into an arch shape downward. Therefore, 1t 1s
possible to effectively inhibit the light guide 11 from bend-
ing irrespective of a location of a heat source.

As 1llustrated in FI1G. 5, 1n a state 1n which the light guide
11 1s supported by the holder 16, it 1s possible to keep a state
in which the emission surface 102 of the light guide 11 1s
opened without being obstructed by the holder 16, so that 1t
1s possible to prevent an amount of light taken out of the
light guide 11 from decreasing.

FIG. 6 1s a partial cross-sectional view of the light guide
11 of the CIS unit 4 of this embodiment in the main scanning
direction.

As 1illustrated 1n FIG. 6, light L. emitted from the light
source 10 1s mncident from an end (light incident surface) of
the light guide 11 and propagates in the main scanning
direction while being totally reflected inside the light guide
11. When the hight L. incident from the light source 10
propagates in the main scanning direction of the light guide
11, this 1s scattered and reflected by reflection patterns 104
formed 1nto V-shaped grooves at regular intervals by laser
cutting on the reflection surface 103 of the light guide 11.
The light reflected by the retlection pattern 104 1s applied to
the document from the emission surface 102 1n a position
tacing the retlection pattern 104.

At that time, when heat 1s locally applied to a portion
where the retlection pattern 104 1s formed by a heat source
such as the photoelectric conversion element 13 provided on
the sensor substrate 14, there arises a problem that a part of
the retlection pattern 104 1s deformed and the light amount
distribution of the light emitted from the emission surface
102 1s not uniform.

According to the CIS unit 4 of this embodiment, since the
reflection surface 103 of the light guide 11 1s covered with
the thermal conductive member 19, even when the heat 1s
locally applied to the reflection surface 103 by the heat
source, 1t 1s possible to make temperature distribution of the
applied heat uniform. This makes it possible to prevent the
reflection pattern 104 of the reflection surface 103 of the
light gmide 11 from being deformed and keep the light
amount distribution of the light emitted from the emission
surface 102 of the light guide 11 1n a uniform state. That 1s,
according to the image sensor unit of this embodiment, by
keeping the temperature distribution of the light guide 11
uniform, it 1s possible to prevent the light guide 11 from
being distorted by local heat and make the light amount
distribution of the image sensor uniform.

Next, a functional configuration example of the image
reading unit 100 of the image reading device 1 of this
embodiment 1s described. FIG. 7 1s a block diagram 1llus-
trating the functional configuration example of the image

reading unit 100 of the image reading device 1 according to
this embodiment.

As 1llustrated 1 FIG. 7, the image reading umt 100
includes the light source 10 and the photoelectric conversion
clement 13 included in the CIS unit 4, a shading correcting
unit 23, and a document detecting sensor 34.
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The 1image reading umit 100 illuminates a subject (docu-
ment and white board 110) with irradiation light from the
light source 10 of the CIS unit 4, photoelectrically converts
reflected light from the subject into electric signals by the
photoelectric conversion element 13, and outputs the same
as digital signals. The document data obtained by reading
the document and the white reference data obtained by
reading the white board 110 out of the digital signals output
from the photoelectric conversion element 13 are transmiut-
ted to the shading correcting unit 23 and subjected to various
processes by a circuit forming the shading correcting unit
23. The document data finally subjected to the shading
correction by the shading correcting unit 23 1s then trans-
mitted to a subsequent-stage processing unit not 1llustrated.
In the subsequent-stage processing unit, other 1mage pro-
cessing such as various corrections such as dot correction
and color correction, scaling and the like 1s performed, but
this 1s similar to general processing, so that the detailed
description thereotf 1s omitted. Note that the white reference
data of this embodiment includes the 1nitial reference value
read from the white board 110 immediately after the CIS umit
4 1s mounted on the image reading unit 100 and a time-
course reference value read from the white board 110 before
the CIS unit 4 reads the document 1mage.

Although not illustrated 1n FIG. 1, the document detecting
sensor 34 1s located in the ADF 200, detects that the
document 1s set, and outputs a document detection signal.

Next, the photoelectric conversion element 13 1s
described. FIG. 8 1s a block diagram 1llustrating a functional
configuration example of the photoelectric conversion ele-
ment 13. As 1llustrated 1n FIG. 8, the photoelectric conver-
sion element 13 includes a predetermined number (a plu-
rality) of light receiving elements 20 arranged in the main
scanning direction and a pixel signal output unit 22. Note
that the predetermined number 1s arbitrary. The photoelectric
conversion element 13 applies the light from the light source
10 to the subject (document and white board 110) and
photoelectrically converts the reflected light from the sub-
ject, and reads the 1mage data of the subject. The photoelec-
tric conversion element 13 1s formed of an 1mage sensor
such as a complementary MOS (CMOS), for example, 1n
which a plurality of light receiving elements 20 1s arranged
in the main scanning direction. The light receiving element
20 1s a semiconductor diode serving as a photodetector. In
the photoelectric conversion element 13, a plurality of light
receiving elements 20 as many as main scanning pixels (0 to
n pixels) 1s arranged. The light receiving element 20 corre-
sponding to each pixel converts the reflected light of the
light applied from the light source 10 to the subject to the
clectric signal (photoelectric conversion) and accumulates
clectric charge. Thereafter, the accumulated charge 1s sub-
jected to processes by an amplifier, an A/D converter and the
like not 1llustrated and then transmitted to the pixel signal
output umt 22 as the digital signal.

By performing the above-described process, two-dimen-
sional read data may be obtained by a one-dimensional line
sensor (for example, a CMOS 1mage sensor and the like) by
reading 1image data of one line a plurality of times, the same
number as document lines.

In the image reading device 1 configured as described
above, 1n the scan reading mode 1n which an 1mage surface
of the document 1s scanned and the 1image of the document
1s read, the carriage not illustrated 1s moved 1n the direction
of arrow A (sub scanning direction) by a stepping motor. At
the same time, the image surface which 1s the lower surface
of the document set on the contact glass 101 1s 1lluminated
(exposed) by the light source 10 of the CIS unit 4 connected
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to the carrniage. A reflected light image from the image
surface 1s sequentially transmitted to the photoelectric con-
version element 13 of the CIS unit 4 and an 1image 1s formed.
The signal 1s output by the photoelectric conversion of the
photoelectric conversion element 13, and 1s converted 1nto
the digital signal by a signal processing unit on a subsequent
stage not illustrated. As a result, the image of the document
1s read and digital image data 1s obtained.

Next, a functional configuration example of the image
reading device 1 of this embodiment 1s described. FIG. 9 1s
a block diagram illustrating the functional configuration
example of the image reading device 1 according to this
embodiment.

As 1llustrated 1n FIG. 9, the image reading device 1
includes the shading correcting unit 23, the data storage 24,
a state correction coellicient calculator 25, and a controller
30 connected to the CIS unit 4. The shading correcting unit
23 includes a primary shading value generator 26 and a
secondary shading value generator 27. The data storage 24
includes an iitial reference value storage 28 and a state
correction coeflicient table 29.

The shading correcting unit 23 performs the shading
correction on the image data of the document read by the
CIS unit 4 based on the white reference data (1initial refer-
ence value and time-course reference value).

The primary shading value generator 26 corrects the
initial reference value to generate a primary shading value.
The secondary shading value generator 27 corrects the
time-course reference value to generate a secondary shading
value.

The data storage 24 stores various data necessary for
performing the shading correction, for example, the state
correction coellicient table to be described later. In the 1nitial
reference value storage 28, the white reference data when
the CIS unit 4 1s mounted on the image reading unit 100 1s
stored as the initial reference value.

The state correction coetlicient calculator 25 calculates a
state correction coellicient for correcting the primary shad-
ing value, for example, based on an operating status of the
image reading device 1. The state correction coetlicient
calculated by the state correction coeflicient calculator 25 1s
stored 1n the data storage 24. It 1s also possible to prepare 1n
advance the state correction coeflicient table for determining
the state correction coethicient as illustrated in Table 1 and
store the same in the data storage 24. Note that the state
correction coeilicient may also be determined based on the
operating status of the image forming device 300 including
the 1mage reading device 1.

TABLE 1

Document count information

0 100
Operating time 1 Data A Data B
10 Data C Data D

As 1llustrated 1n Table 1, the state correction coeflicient of
the state correction coeflicient table 1s determined based on
operating time of the device measured by a timer provided
on the device and a document count number counted by a
counter provided on the device. For example, in a case of
data A with the operating time of 1 and the document count
number of 0, the state correction coeflicient 1s set to be
smaller than that 1n data D with the operating time of 10 and
the document count number of 100. That 1s, 1n this embodi-
ment, the state correction coeflicient 1s set to be larger
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8

supposing that the bending of the light guide 11 becomes
larger as the operating time and the document count number
become larger.

The controller 30 refers to the data in the data storage 24
and allows the shading correcting unit 23 to execute the
shading correction on the image data (read 1mage) of the
document. The controller 30 also executes control of an
entire device including movement of the CIS unit 4.

According to the image reading device 1 of this embodi-
ment, the shading correction with a high degree of accuracy
may be performed by using the state correction coeflicient.
It 1s also possible to reduce a memory capacity used for the
shading correction and increase a processing speed of the
shading correction.

Next, an operation example of the image reading device
1 of this embodiment 1s described with reference to a
flowchart.

FIG. 10 1s a flowchart 1llustrating an example of process-
ing operation of the shading correction of the image reading
device 1 of this embodiment.

As 1llustrated 1n FIG. 10, the state correction coethicient
calculator 25 of the image reading device 1 determines the
state correction coetlicient (step S1). Note that, when deter-
mining the state correction coethlicient, 1t 1s possible to
determine by using the state correction coetlicient table
stored 1n the data storage 24.

Next, the primary shading value generator 26 calls the
white reference data (1mitial reference value) stored in the
data storage 24, corrects the same by using the state cor-
rection coetlicient determined at step S1, and generates the
primary shading value (step S2).

Next, the CIS unit 4 reads the white board 110 to obtain
the white reference data (time-course reference value)
betore the 1mage of the document is read (step S3). Further-
more, the secondary shading value generator 27 corrects the
white reference data obtained at step S3 by the primary
shading value generated at step S2 to generate the secondary
shading value (step S4).

Next, the CIS unit 4 reads the document (step S3).

Next, the controller 30 allows the shading correcting unit
23 to execute the shading correction on the image data of the
document read at step S5 by using the secondary shading
value generated at step S4.

By allowing the image reading device 1 to execute the
above-described processes, even when dust, dirt and the like
adheres to the white board 110 1n course of time, 1t 1s
possible to execute the shading correction 1n a state 1n which
an influence of the dust and the like 1s excluded. Further-
more, according to the image reading device 1 of this
embodiment, since the light amount distribution of the light
guide 11 of the CIS unit 4 1s kept uniform, it 1s possible to
use the state correction coeflicient, and execute a more
accurate shading correcting process. This makes 1t possible
to prevent occurrence of image unevenness such as a black
line.

Next, an 1image forming device 300 equipped with the
image reading device 1 of this embodiment 1s described.
FIG. 11 1s a view 1illustrating a simplified configuration
example of a mechanical part of the image forming device
according to this embodiment. As illustrated 1n FIG. 11, for
example, a digital copying machine equipped with the image
reading device 1 illustrated i FIG. 1 1s described as an
example of the image forming device 300. In the image
reading device 1, the image reading unit 100 1llustrated in
FIG. 1 and the CIS unit 4 illustrated 1n FIG. 2 are incorpo-
rated. In a device main body 301 of the image forming
device 300, an image former 302 and a sheet feeder 303 are
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provided. The image forming device 300 forms an 1mage on
a sheet fed from the sheet feeder 303 by using the image
former 302 based on the 1mage data of the document read by
the 1mage reading device 1.

According to the image forming device 300 of this
embodiment, an accurate shading correcting process 1s per-
formed, so that it 1s possible to prevent image unevenness
such as a black line on a sheet occurring when the 1mage 1s
formed, and to form a high-quality image.

Note that the above-described embodiment 1s described 1n
detall in order to describe the present mvention 1 an
casy-to-understand manner, and 1s not necessarily limited to
that provided with all the described configurations. For
example, a part of the configuration of a certain embodiment
may be replaced with a configuration of another embodi-
ment, and the configuration of another embodiment may be
added to the configuration of a certain embodiment. It 1s also
possible to add other configurations to, delete, and replace a
part of the configuration of each embodiment.

Although embodiments of the present mvention have
been described and illustrated 1n detail, the disclosed
embodiments are made for purposes of illustration and
example only and not limitation. The scope of the present
invention should be interpreted by terms of the appended
claims.

What 1s claimed 1s:

1. An 1mage sensor unit comprising;:

a light source that 1lluminates a document;

a rod-shaped light guide including a reflection surface that
reflects light from the light source and an emission
surface provided on a side opposite to the reflection
surface that emits light reflected by the reflection
surface to the document;

a thermal conductor having an outer surface that covers
the retlection surface of the light guide;

an 1mage forming element that forms an i1mage of
reflected light from the document on a photoelectric
conversion element;

a sensor substrate on which the photoelectric conversion
element 1s mounted; and

a frame including a locator for mounting the light guide.

2. The 1mage sensor unit according to claim 1, compris-
ng:

a plurality of support members mounted on the locator in

a state of supporting the light guide,

wherein the plurality of support members supports at least
both ends and a central part of the light guide.

3. The image sensor unit according to claim 1, wherein the

reflection surface has a reflection pattern formed therein.

4. The image sensor unit according to claim 1, wherein the
thermal conductive member 1s formed of a tlexible material.

5. An 1image reading device comprising:

an 1mage sensor unit that reads a document,

the 1mage sensor unit including:

a light source that 1lluminates a document;

a rod-shaped light guide including a reflection surface that
reflects light from the light source and an emission
surface provided on a side opposite to the retlection
surface that emits light reflected by the reflection
surface to the document;

a thermal conductor having an outer surface that covers
the reflection surface of the light guide;

an 1mage forming element that forms an i1mage of
reflected light from the document on a photoelectric
conversion element;

a sensor substrate on which the photoelectric conversion
element 1s mounted; and
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a frame 1ncluding a locator for mounting the light guide,

the 1mage reading device comprising:

a controller that performs shading correction on 1mage
data of the document read by the 1image sensor unit.

6. The image reading device according to claim 3,

wherein the controller includes:

an mitial reference value storage that reads a surface of a
reference member when the image sensor unit 1is
mounted on an 1mage reading device main body and
generates and stores an 1nitial reference value;

a primary shading value generator that corrects the initial
reference value to generate a primary shading value;
and

a secondary shading value generator that reads the surface
of the reference member to obtain a time-course refer-
ence value belore reading the image of the document
by the 1mage sensor unit, corrects the obtained time-
course reference value using the primary shading value,
and generates a secondary shading value, and

performs the shading correction on the image data of the
document read by the image sensor unit using the
secondary shading value.

7. The image reading device according to claim 6, com-

prising:

a state correction coe
state correction coe
reference value,

wherein the primary shading value generator generates
the primary shading value by correcting the initial
reference value using a state correction coetlicient
calculated by the state correction coeflicient calculator.

8. The image reading device according to claim 5,
wherein the reflection surface has a reflection pattern formed
therein.

9. The image reading device according to claim 5,
wherein the thermal conductive member 1s formed of a
flexible material.

10. An 1mage forming device comprising:

an 1mage reading device mncluding an 1mage sensor unit
that reads a document; and

an 1mage former that forms an 1image based on 1mage data
of a document read by the image reading device,

wherein the 1mage sensor unit includes:

a light source that 1lluminates a document;

a rod-shaped light guide including a reflection surface that
reflects light from the light source and an emission
surface provided on a side opposite to the reflection
surface that emits light reflected by the retlection
surface to the document;

a thermal conductor having an outer surface that covers
the reflection surface of the light guide;

an 1mage forming element that forms an 1mage of
reflected light from the document on a photoelectric
conversion element;

a sensor substrate on which the photoelectric conversion
element 1s mounted; and

a frame including a locator for mounting the light guide,
and

the 1mage reading device includes:

a controller that performs shading correction on the 1mage

data of the document read by the 1mage sensor unit.
11. The mmage forming device according to claim 10,
wherein the reflection surface has a retlection pattern formed
therein.
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12. The image forming device according to claim 10,
wherein the thermal conductive member 1s formed of a
flexible matenal.
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